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DESCRIPTION

GENERAL RELATIONS.
GEOGRAPHY.

Location and area.—The Apishapa quadrangle is bounded
- by meridians 104° and 104° 30" and parallels 37° 30" and 38°
and includes one-fourth of a square degree, an area, in that
latitude, of 944 square miles. It lies wholly in Colorado and
comprises portions of Las Animas, Pueblo, Otero, and Huer-

fano counties. (See fig. 1.) Its northwest corner is about 20

miles southeast of Pueblo.
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FIGURE 1.—Index map of south-central Colorado.

The location of the Apishapa quadrangle is shown by the darker ruling (No. 186). Published
folios describing other areas, indicated by lighter ruling, as follows: Nos. 7, Pikes Peak;
36, Pueblo: 48, Tenmile district; 58, Elmoro; 68, Walsenburg ; 71, Spanish Peaks; 135, Nepesta.

G'reat Plains province.—The Apishapa quadrangle lies in the
west-central part of the Great Plains province, which extends
from the Rocky Mountains province on the west to the
Prairie Plains province of the Mississippi Valley on the east.

The Great Plains province as a whole slopes eastward at a
rate of about 10 feet to the mile from an altitude of about
6000 feet at the base of the Rocky Mountains. Large tracts
of its surface are smooth and gently undulating; others are
characterized by hills, mesas, cliffs, and canyons of moderate
dimensions; and a few high ridges would be called mountains
if they stood at a greater distance from the imposing front of
the Rockies. The portion of the Great Plains in which the
Apishapa quadrangle is situated is one of the more rugged,
abounding in hills and mesas several hundred feet in height.

The Great Plains are drained by eastward-flowing rivers,
the larger of which have their sources in the mountains.
These rivers are all tributary to the Mississippi and cross the
higher part of the Plains in deep canyons cut in the eastward-
sloping uplands. Arkansas River, which is the main artery
of drainage for this portion of the Plains, heads within the

mountains, receives the precipitation of an extensive moun- -

tainous area, and issues from its last mountain gorge as a large
stream. Its general course on the Plains, in which it is incised
to a depth of several hundred feet, is eastward. South of its
canyon a number of minor streams, starting from the outer
slopes of the mountains, flow northeastward in similar canyons
to join the Arkansas. The Apishapa quadrangle, lying 10 to
20 miles south of the main river and 25 miles east of the
mountain base, is traversed by three of these tributary
streams—Huerfano and Apishapa rivers and Timpas Creek.

GEOLOGY.

The rocks of the Great Plains are chiefly sedimentary and
were deposited in a great interior body of water, which was
usually connected with the sea hut whose waters became at

aThe principal geologic field work in the Apishapa quadrangle was done
in 1894 by G. K. Gilbert, assisted by G. W. Stose and F. P. Gulliver. The
accurate topographic survey on which the maps in this folio are based was
not executed until two years later. The geologic boundaries and other data
were transferred from the old base to the new in the office, and it is prob-
able that some minor details of geologic boundaries are less exactly por-
trayed than they would have been if the geologists had had the use of
an accurate topographie base in the field. In 1903 C. A. Fisher verified the
mapping of formations along the northern boundary of the Apishapa
quadrangle, adjacent to the Nepesta quadrangle, and afterward revised the
mapping along the eastern boundary of the quadrangle. Mr. Stose trav-
ersed the quadrangle again in 1910 primarily to study the Purgatoire for-
mation and separate it from the Dakota sandstone, thus mapping the
boundary between the Lower and Upper Cretaceous. He readjusted to the
new sketch of the topography such other boundaries as were observed in
the field to be inaccurately located. The new drawing ‘of the map and
deformation contours and the descriptive text are by G. W. Stose.

By George W. Stose.”

times brackish and even fresh. The general attitude of the
strata is approximately horizontal. Large areas are occupied
by Tertiary beds, other large areas by Cretaceous formations,
and smaller tracts by Jurassic (?) and Triassic rocks. Beneath
these strata and not generally exposed at the surface of the
Great Plains are representatives of several Paleozoic systems,
the sedimentary series resting on a foundation of granitic rocks
of Archean age.

The Rocky Mountains have been formed chiefly by uplift,
and the uplifted mass has suffered extensive erosion, so that
broad areas of the Archean basement rocks are exposed.
Along the eastern base of the mountains the strata of the
Plains are sharply upturned so as to stand at a steep angle.
Their worn edges constitute narrow lines of outcrop, and col-
lectively they make up a belt of peculiar character, separating
the ancient rocks of the mountains from the nearly level
formations of the Plains.

In a few places along the mountain front in Colorado red
sandstones of Cambrian age, not over 100 feet thick, are
exposed, overlain by several hundred feet of Ordovician lime-
stones and sandstones. Silurian and Devonian rocks appear
to be entirely absent along this part of the Rocky Mountain
front, although they may be present beneath the Great Plains
and have been eroded or overlapped by younger strata along
the shore of the ancient sea. Resting on the older sedimen-
tary rocks where they are exposed, and overlapping them at
most other places along the mountain front, are Carboniferous
and Triassic strata having a maximum thickness of possibly
1600 feet. The upper part of this series is composed of
bright-red shale and sandstone which in places make a charac-
teristic narrow red valley.

Marine Jurassic beds occur farther north along the moun-

tain front but are apparently absent in Colorado. Overlapping.

all the older strata in most places along the mountain front
is another red formation, of late Jurassic or Lower Creta-
ceous age. This is conformably overlain by the rest of the
thick series of Cretaceous sediments. The older strata are
steeply inclined or vertical, but the Cretaceous beds are so far
from the uplifted mountainous area that they are less tilted.
The sandstones near the base of the Cretaceous are inclined
40°-60° E. and because of their resistant character produce a
line of hogback ridges with smooth dip slopes on the east and
rocky precipitous slopes on the west. The softer overlying
beds are still more gently inclined and are more nearly hori-
zontal the farther they are from the mountain front.

FicURE 2.—Relief map of south-central Colorado.

Shows the relation of the Apishapa quadrangle (outlined rectangle) to the front ranges of the
Rocky Mountains.
Seale: 1 inch = 25 miles approximately.

The Rocky Mountain uplift is not simple but compound.

Some of the major elements and many minor elements lap
past one another along the eastern mountain front, with the

result that the belt of steeply upturned strata adjacent to the °

mountains is not a simple one from north to south but exhibits
a number of salient and reentrant angles, the reentrants point-
ing northwestward into the mountains and the salients south-

OF THE APISHAPA QUADRANGLE.

eastward into the plains. Just north of Arkansas River the
south end of the Front Range thus projects into the plains,
and just south of the river the end of the Wet Mountain
Range marks a similar projection. (See fig. 2.)

The general evenness of the strata of the Plains is inter-
rupted here and there by undulations or folds, most of them
gentle, and some of these folds are associated with individual
uplifts of the Rocky Mountains. From the south end of the
Front Range a low axis of uplift continues in a south-south-
easterly direction, and from a point near the south end of the
Wet Mountain Range one of its axes of uplift is prolonged
into the Plains in an east-southeasterly direction. From the
junction of these axes a broader and somewhat higher anticlinal
arch, the Apishapa anticline, extends southeastward for 40 or
50 miles and, with lower crest, somewhat farther, eventually
joining a still broader uplift with more easterly trend, the full
form of which is not yet known. Northeastward from the
Apishapa anticline the strata descend to a shallow structural
basin of great extent, and southwestward to a synclinal trough
whose western limb follows the base of the Culebra Range of
the Rocky Mountains.

South of the Wet Mountain Range, close to the base of the
Culebra Range, is a conspicuous mountain mass called Spanish
Peaks, formed largely of intrusive igneous rock. Radiating
from the igneous nucleus of this mountain is an extensive sys-
tem of vertical dikes. A little farther south, extending from
a point near the base of the mountains eastward into the
Plains, is a group of high mesas capped with extrusive lavas.
The highest of these is Raton Mesa, whose crest rises 3000
feet ahove its northern base. The Apishapa quadrangle
includes a portion of the district traversed by the dikes, and
its drainage has probably been indirectly influenced by the
voleanic extrusions.

TOPOGRAPHY.
RELIEF.

General features.—The Apishapa quadrangle is situated
wholly in the Great Plains and in the drainage basin of the
Arkansas, its surface having a general northeastward slope
toward that river, which is 10 to 20 miles north of the quad-
rangle.

All details of topographic form in the quadrangle are the
result of erosion by streams, rain, wind, and frost. The pro-
files of the surface features fall into three general lines—an
upper level, formed by a series of mesas; a medial level, formed
by terraces parallel to and at the foot of the mesas; and a lower
level, that of the general plain above which the mesas rise and
into which deep canyons are cut. These levels or benches are
made more evident by a growth of trees along their rims, the
surface back from the rims and the slopes below each bench
being treeless or but sparsely wooded. (See Pls. I and IV.)
The benches are due to successive nearly horizontal layers of
more resistant rocks that form projecting ledges in the midst of
soft beds that are more readily removed by erosion and occupy
slopes below the ledges. As shown in figure 3, the upper

F1¢URE 3.—Typiecal profile of the mesa escarpment capped by Timpas lime-
stone, the medial bench capped by Greenhorn limestone, and the lower
plain composed of Dakota sandstone.

bench or mesa is formed by the Timpas limestone, the medial
terrace by the Greenhorn limestone, and the lower plain by
the Dakota sandstone.

The quadrangle may be divided topographically into three
parts—the northeastern mesa, the central upland, and the
southern mesas—and each division has a characteristic topog-
raphy determined chiefly by the attitude and nature of the

.rocks at the surface.

Northeastern mesa.—The northeastern third of the quad-
rangle is occupied by a rolling northeastward-sloping plain
crossed by broad valleys draining in the same direction. The
streams generally lie in shallow box canyons in the alluvium-
filled valley bottoms, making travel across them difficult.

The mesa is bounded on the southwest by a steep zigzag
escarpment facing southwestward and cut through by the
streams, so that the valleys occupy deep reentrants separated
by high promontories. The upper part of the escarpment is in
most places a cliff 20, to 50 feet high, with steep slopes below.




Midway on the slope there is generally a bench, referred to pre-
viously as forming the medial level. In the stream reentrants
the escarpment gradually diminishes in height and disappears at
the stream crossing. The promontories have altitudes ranging
from 5200 feet to over 5500 feet, the highest one, 4 miles from
the north edge of the quadrangle, reaching 5514 feet. These
promontories no doubt have local names not given on the
map, for they stand out above the surroundlng lowland like
mountains.

- From the escarpment the surfaee of the mesa has a general
northeastward slope to an altitude of 4450 feet at the lowest
point in the quadrangle, in its northeast corner. This sur-
face is in general a part of a broad planation surface which
formerly covered the whole region, probably rising above the
tops of the Rattlesnake Buttes in the western part of the quad-
rangle, and below which the present surface has been eroded
by means of the revival of the streams by uplift and warping
of the old planation surface. (See fig. 4.) The surface slopes
with the dip of the rocks but not.so steeply, so that older
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the surface of the gravel in the stream bed emerges from place
to place as a thin stream or stands in a rock-bound- water hole.

During heavy rains the water rapidly runs off from the
almost impervious baked clay and shale slopes and eats deep,
precipitous ravines into the hills. The arroyos and canyons
temporarily hold torrents of water that carry the waste prod-
ucts down toward the Arkansas, the flat valley bottoms being
silted up as the storm waters recede.

Most of the drainage of the quadrangle flows to Arkansas
River by way of Apishapa and Huerfano rivers and Timpas
Creek. A small area in the northern part is drained by
Chicosa Creek and its tributaries directly into the Arkansas,
and a few small ravines in the southeast corner of the quad-
rangle discharge into Purgatoire River, also a tributary of the
Arkansas.

Apishapa River—Apishapa River heads on the east slope
of Spanish Peak, 25 miles southwest of this quadrangle. It
enters the southern part of the quadrangle in an open valley
in which its many small branches head in reentrants in the
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FIGURE 4.—Profile along a line runmnw northeastward from North Rattlesnake Butte to the edge of the quadrangle, and the
hypothetical position of the Tertiary planation surface which formerly covered this area.

Kd, Dakota sandstone; Kt, Timpas limestone.
Horizontal scale 1 inch'= 4 miles. Vertlcal sca.le five times the horizontal.

formations outerop successively southwestward. The present

rim of the mesa is approximately along the line where the
hard limestones at the base of the Jlmpas were beveled by the
old planation surface, as shown in figure 4, and the bounding
escarpment has been cut in the softer shales of. the Benton
group. The position of the mesa rim is brought out more
prominently on the geologic than on the topographic map by
the line between the patterns representing the Timpas lime-
stone and the Carlile shale.

The soil of the mesa is derived from limy. shales, dnd where
water for irrigation is available has proved to be fertile. The
present attempt to cultivate the gentler slopes ought to be suc-
cessful if sufficient water can be confined in the reservoirs on
the streams and distributed by ditches without too much loss
by evaporation and absorption.

Central upland.—The central and western portions of the
quadrangle are occupied by a high interior plateau sloping
from the Rattlesnake Buttes northward, eastward, and south-
eastward and drained in the same directions through deep box
canyons. The altitude of the surface increases from about 5000
feet at the base of the escarpment on the northeast and about
5400 feet along the southeast side to about 6100 feet in the
culminating area about the base of the Rattlesnake Buttes.

The upland surface is in general a broad, flat half dome, the
margins of which are several hundred feet lower than the rims
of the surrounding mesas, whereas the central part is much

higher than the mesa rims. This surface is formed almost

entirely of the uppermost hard beds of the Dakota sandstone,
-which dip northward, eastward, and southeastward with the
slope of the surface. It is generally barren and the soil is scant
and infertile because of the resistant nature of the rock from
which it is derived. o

A few hills of shale and limestone rise above the surface, the
most conspicuous of which are the Rattlesnake Buttes, which
surmount the culminating point of the upland, attaining an
altitude of 6442 feet. (See Pl V.) These tops are probably
remnants, somewhat reduced in altitude by erosion, of the
planation surface of which the northeastern mesa was a part,
the rest of the central upland area having been eroded below
that plane. Into the upland surface are cut canyons of various
sizes, some as much as 400 feet in depth, arranged more or
less radially about the summit. The deeper canyons are cut
through the hard beds of the Dakota sandstone into the Pur-
gatoire formation and are consequently very rocky and pre-
cipitous. :

Southern area.—The southern area comprises several” large
separate mesas of Timpas limestone, including Cordova Mesa,
Tyrone Flats, Poitrey Arroyo Hills, and Big Arroyo Hills.
These larger mesa masses are separated by the valleys of
Apishapa River and Timpas Creek and their main tributaries
and are highly dissected along their margins by smaller ravines
and arroyos. The mesas range in elevation from 5700 feet in
Tyrone Flats to about 6480 feet near the western boundary
of the quadrangle. The larger valleys in this part of the area
are broad and open, but the usual small box canyons occur in
the alluvial bottoms. The mesas are arid, and as they are dis-
“connected no water can be gathered and stored on them for
irrigation. '

- DRAINAGE.

General features—Most of the stream channels in the quad-
rangle are arroyos, being dry during the larger part of the
yeai‘. At almost any time, however, water can be found at
favorable places in the deeper canyons in the Dakota sandstone
in the central upland area, where the water flowing beneath

mesa cliffs on both sides. On reaching the central upland
region it enters a deep, winding canyon at the edge of the
exposures of Dakota sandstone. (See Pl. VIII.) In this part
of its course it receives few tributaries from the east, but three
long branches, Jones Lake Fork and the streams in Bass
Canyon and South Canyon, enter it from the west. These
streams also flow in deep rock canyons. The headwaters of

.most of these streams and their many branches converge in

a general way toward Rattlesnake Buttes. The Apishapa
emerges from its canyon at the point where the Dakota sand-

- stone dips beneath overlying soft strata and there enters another

open valley, which leads through the mesa front to the slop-
ing plains beyond, on which the stream meanders in a broad,
open valley. Its main branches in this part of its course are
Saunders Arroyo and Mustang Creek. These streams have
open valleys in the plains portions of their courses, but their
numerous nearly parallel tributaries, which head on the
northeastward-sloping Dakota sandstone surface, have cut
deep, rugged canyons. On passing out of the sandstone area,
however, these streams also enter open valleys, which lead
tlnough the mesa front out upon the plains beyond. Other
smaller tributaries of the Apishapa head on the slopes of the
limestone mesa.

Two peculiar features in the course of the Apishapa across

~ the quadrangle require explanatlon The river cuts through a

broad anticline, at the axis of which it has become deeply
incised in the Dakota sandstone; and, like all the other
streams that flow northeastward down the slope of the Dakota
sandstone, it. flows toward and through a break in the miesa

front. (See fig. 5.) Such courses could not have been estab-

During seasons of drought these temporary lakes diminish in
size and many of them completely dry up. - The origin of the

lake basins is discussed under the heading “ Geologic history.”

VEGETATION.

“The Apishapa quadrangle is largely a prairie that sustains

a thin growth of grass, small flowering plants, sagebrush, cane
cactus, and other small shrubs. Cottonwood or aspen trees
line the flood plains of Huerfano and Apishapa rivers and occur
more sparingly along other drainage lines. Juniper (commonly
called cedar) and pifion grow on rocky tracts, especially on the
benches of Greenhorn limestone, at the mesa escapments of
Timpas limestone (see PL I), and at the brinks of canyons in
the Dakota sandstone. Gilbert noted that the pifion does not
grow below altitudes of about 5100 feet or the juniper below
4900 feet, and that below 5200 feet the mesa crests are mostly
bald. Yellow pine grows sparingly on the Dakota sandstone
and prefers the most rugged places. It is a straggler at alti-
tudes of 5200 feet but is more abundant at 5600 to 6000 feet.
The highest parts of the area—mesas of Timpas limestone about
6500 feet in elevation—are covered with juniper and pifion.
The timber has no commercial value but is used locally for
making log cabins and corrals and for fire wood. All the
region within reach of the newly settled agricultural tract in
the northeastern  part of the quadrangle has recently been
stripped of its timber. :

CULTURE.

The most important cultural feature in the quadrangle is the
main line of the Atchison, Topeka & Santa Fe Railway, which
crosses its southeast corner. Until recently the quadrangle
had very few permanent residents. Many of the houses shown
on the topographic map, which was surveyed prior to the
establishment of 'White Rock settlement and scattered ranches
on the northeastern mesa, are the temporary abodes of.stock
raisers and herders or are old, abandoned ranch houses. The

McDaniel, Yellowbank, English, Pittinger, Reynolds, Bonito

Cordova, and Elmore" ranches, shown on the map, and the
Redtop and two or three others not shown, are the . chief
permanent residences outside of the village of White Rock
and the small settlements about the railroad stations at Delhi

and Thatcher. These ranches are chiefly stock farms, having
the low adobe ‘houses typical of the plains, and most of them

inclose in wire fences large areas of grazing land. The largest
inclosed tract, known as- the Ben Butler ranch, embraces
several thousand acres in the northwest corner of the quad-
rangle, reaching southward to the Huerfano County line and
eastward to Black Ridge. The buildings of this ranch lie just
north of the quadrangle. Small patches of land around some
of the ranch houses are cultivated and Mexican beans are
raised in some larger tracts by dry farmlng

The railroad settlements each comprise a station, a post ofﬁce,
one or two stores (generally abandoned or temporarily closed),
a few temporary dwellings, and one or two large ranch houses
where accommodations can be had. At Thatcher a reservoir
in Timpas Canyon supplying water for the locomotives necessi-
tates a pumping station and a few houses.

FiaURE 5.—Profile along Apishapa River in the Apishapa quadrangle.
The river's canyon in the arched Dakota sandstone in the middle is fianked at both ends by open valleys in the softer overlying strata.
Kd, Dakota sandstone; Kt, Timpas limestone.
Horizontal scale: 1 inch = 4 miles. Vertical scale ten times the horizontal.

Jished on. the present surface and must bave been inherited

from an older highe1 surface. This matter is discussed under
“@eologic history.”
Huerfano River—Huerfano River heads in the Rocky

 Mountains and for only a few miles of its course passes through

the northwest corner of the quadrangle, where it occupies a

very deep, precipitous canyon in the Dakota sandstone and

underlying formations. It has several short tributaries in the

-quadrangle, which also have rugged canyons, and also a larger

tributary, Doyle Arroyo, which heads on the north slope of
the Rattlesnake Buttes and, after passing through a canyon in
the Dakota sandstone, cuts through the mesa front in a very
deep reentrant before leaving the quadrangle and joining the

- Huerfano.

Timpas Creek. —Tlmpaq Creek heads within and drains the
southeastern portion of the quadrangle, its branches reaching
back in ramifying arroyos into the limestone mesas on both
sides. At Delhi it enters a short deep canyon in the Dakota
sandstone and a mile or two to the west a tributary, Poitrey
Arroyo, occupies a parallel canyon.

Lakes and ponds. — Scattered over the quadrangle are
depressions which, during most seasons, contain ponded rain
water and furnish one of the sources of water for stock. One
of these lakes is shown in Plate III. A few of these lakes are
on the surface of. the Dakota sandstone and on the limestone
mesas, but most of them are on the shales of the Benton group.

The settlements on the hortheastern mesa are made up of
quarter-section homesteads, in part fenced and under cultiva-

tion by irrigation. The houses are mostly small frame dwell-
ings, but a few are more substantial and some are of brick.

DESCRIPTIVE GEOLOGY.

SEDIMENTARY ROCKS.
STRATIGRAPHY.

SYSTEMS REPRESENTED.

The sedimentary rocks exposed in the quadrangle belong to
three systems— Cretaceous, Tertiary, and Quaternary—and
possibly a fourth, Jurassic. The Cretaceous strata occupy the
surface of nearly the whole quadrangle. The rocks of possibly
Jurassic age directly underlie the known Cretaceous and are
exposed only in the deepest canyons. The Tertiary and Qua-
ternary strata rest unconformably upon the Cretaceous, having
been deposited after a long interval of time during which there
were important physical changes. The summary of the con-
solidated rocks of the quadrangle is given in the columnar
section forming figure 6.

JURASSIC OR CRETACEOUS ROCKS.

The oldest rocks exposed in the Apishapa quadrangle are
heterogeneous nonmarine sediments of the Morrison forma-
tion, which are of either Lower Cretaceous or Jurassic age.



MORRISON FORMATION.

Character and thickness.—The lowest formation exposed in
the area consists of blocky clay shale or argillite, with thin

. layers of limestone and beds of arenaceous shale, and soft sand-

stone. The argillaceous rocks are of brilliant colors, ranging
from white to chocolate and red and to green and drab. They
are usually nonfoliated and compact, having a tendency to
crack in weathering into cuboid blocks instead of shaly frag-
menfs, and can not properly be called shale. The term
“argillite,” which has been used to some extent for rock of
this character, will be employed in this sense throughout this
report. The thickness in neighboring areas ranges from 100
to 300 feet. Within the quadrangle the exposures are poor
and are limited to the upper 120 feet of the formation. The
following composite section measured in the Huerfano Canyon,
on the western border of the quadrangle, is only approximate:

Partial section of the Morrison formation in Huerfano Canyon.

- Sandstones of the Purgatoire formation. Feet.
Variegated shale and compact argillite, green, drab, and
dull maroon in color, largely covered __________________ 87

Massive gray sandstone having ocher-colored spots, with
soft fine-grained chocolate-colored sandstone above and
red layers toward the top. Largely covered. Exact
relation not known__________________ . _________._ 58+
Greenish-gray shale and compact argillite with 6-inch ‘
beds of impure limestone and short lenses of sandstone.
The limestones eontain small fresh-water gastropods
and lamellibranchs._____ . _____________________________ 254

1204

Scattered outcrops of red shale and compact green to drab
mottled argillite in the débris-covered slope are generally all
that is seen of the formation. The impure limestones near the
base (see Pl. VI) were observed at only one place and are
believed to be the lowest beds outcropping in the quadrangle.

)

The top of the formation is generally defined by the massive

-beds of purer light-buff sandstone of the Purgatoire formation,

although at one place in the Jones Lake Fork canyon a con-
glomerate with red matrix was observed at the base of the
Purgatoire. The base of the Morrison is not exposed in this
quadrangle, but elsewhere in the region it is defined by red
gypsiferous shales of the underlying “Red Beds,” called the
Badito formation in the Huerfano Canyon in the adjacent
Walsenburg quadrangle by R. C. Hills and the Fountain for-
mation along the mountain front in the Pueblo quadrangle
by Gilbert. The following section of the formation in a
branch canyon of Purgatoire River, 20 miles east of the
Apishapa quadrangle, was measured by Lee:®

Section of Morrison formation in Red Rocks Canyon, branch of Purgatoire
Cangon.

[By W.T. Lee.]

Massive sandstone [Purgatoire formation, called Dakota Ft. in.

by Lee].
Brick-red arenaceous shale, containing bands of hard

fine-grained sandstone__.____________________________ 25
Reddish limestone, very brittle and having a conchoxdal

fracture __ . 3
Soft dark elay shale________ . _________________ 80
Light-brown clay shale____. _____________________________ 11
Argillaceous limestone______________._____ ______________ 6
Brown shale______________ .. 7
Concretionary limestone_________________________________ 1
Variegated clay shale with joint structure. _____________ 7
Fine yellow paper shale.____.________ . ________________ 3
Argillaceous limestone, finely laminated _________________ 6
Fine shale.._________ . 16
‘White limestone_______ .. 1
Variegated clayshale. _________._________________________ 15
Argillaceous limestone, finely laminated . ____________ 8
Yellow shale____ .. 4

Sandstone containing agate either in conecretionary
masses half an inch or more in diameter or -dissemi-

Two miles above the mouth of Jones Lake Fork, at the axis nated generally throughout the mass ... 1
. . q. . . Sandstone, easily crumbling; made up of thin layers____ 8
of t-he APIShapa anthllne, at least 100 feet of the formation 18 Massive sandstone, poorly indurated._ ... ____________ = 2
exposed. The uppermost beds are here largely concealed by Fine papershale ... 2
talus. but about 30 feet i omvposed of reddish shal ith Massive sandstone, poorly indurated._._____.____________ 7
, DU u cel 18 ¢ ! P readish shale wi Gypsum interstratified with clay, underlain by red
small yellow calcareous concretions. Below this is 8 to 10 feet sandstone (‘‘Red Beds,” of supposed Triassic age).
of purple limestone with white calcite seams and blebs. At . 130 2
814 & . Thick-
% 2|8 Formation. Section, ness in Character of rocks. Character of topography and soils.
B3 8 feet.
@
Apishapa shale. 5001 L‘S‘&%ﬁfﬁﬁ',ﬂgﬁﬂ%ﬂ‘f 1?;?11)):: {):}}tale with coneretions Plains with gentle valleys. Fertile soil.
]
~
£
2
z
]
3 ) ) Thin-bedded light-gray chalky limestone at base, | Flat plains forming tops of mesas and mesa cliffs.
] Timpas limestouve. 175 light-gray calcareous shale above, and thin cream- Fertile soil, generally sparsely wooded at edges
b colored limestone at top. of mesas.
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FIGURE 6. —Columna,r section of the sedimentary rocks exposed in the Ap1shapa. quadrangle
Scale: 1 mch 200 feet.

the base is compact green argillite, mottled with purple,
weathering in part to shale, and greenish sandstone contain-
ing a 6-inch bed of dark-green and red jasper. A section
measured by Gilbert at the mouth of Jones Lake Fork showed
77 feet of the formation, as follows:

Partial section of Morrison formation at mouth of Jones Lake Fork.
[By G. K Gilbert.]

Feet.
Thin sandstone and gray shale [Purgatoire formation].
Chocolate-colored shale._____________________________________ 16
Soft pale-gray sandstone freckled with brown, weathering
pale brown._____ el 10

Variegated -compact blocky shale, red, chocolate, green, and
white, with bands of fine sandstone, some tough and
brown. The lowest sandstone is a fine-grained white rock
freckled with pale yellow__________________________________ 51

Apishapa

The agate layer near the base of the section is probably the
jasper layer seen in the Huerfano and Apishapa sections.
The supposed Triassic age of the red sandstone beneath the
gypsum beds is based on the identification of a bone collected by
Darton? in the Purgatoire Valley and of teeth and other bones
collected by Lee in the same region as fragments of a belodont,
a characteristic saurian of the Triassic. Lee’s inclusion of the
gypsum with the “Red Beds” is in keeping with the treatment
of pre-Morrison rocks in other areas by previous writers.

The pre-Morrison rocks in the Walsenburg quadrangle were
regarded by R. C. Hills as probably Carboniferous (Badito

eLee, W. T., The Morrison formation of southeastern Colorado: Jour.
Geology, vol. 9, 1901, p. 347.

bDarton, N. H., Geology and underground waters of the Arkansas Val-
ley in eastern Colorado: Prof. Paper U. 8. Geol. Survey No. 52, 1906, p. 20.

formation), and recent studies of the rocks along the Rocky
Mountain front by R. D. George.” State geologist of Colorado,
has demonstrated the Permian age of the “Red Beds” there
exposed beneath the Morrison.

In the Walsenburg folio (No. 68) R. C. Hills describes the

Morrison formation in Huerfano and Cuchara canyons, just west

of the Apishapa quadrangle, as a variegated shale and clay, 100
feet thick, with bands of limestone containing vermilion cherts.
Hills further states that still farther west, at the foot of Green-
horn Mountain, the south end of the Wet Mountain Range, the
formation thickens to 270 feet and has a basal member 60 feet
thick of soft white sandstone with conglomerate layers, which
he regards as littoral deposits close to the old shore.

Distribution.—The Morrison formation occurs in only three
areas in the Apishapa quadrangle. A narrow strip, exposed in
Huerfano Canyon near the northwest corner, passes out of the
quadrangle and reenters 2 miles to the north, where the Huer-
fano swings into the area again. The third outerop is in the
Apishapa Canyon, where the formation is exposed for about
4 miles along the Apishapa and for more than a mile up Jones
Lake Fork, to the west. As it occurs at the base of the canyon
walls, its outcrops are mostly covered by débris from the over-
lying sandstones. Its extent as represented on the map was
determined by the position of the top of the formation as
calculated from scattered outcrops.

Fossils and age—Only a few fresh-water shells, Valvata
scabrida, were found in this formation in the quadrangle.
These were obtained from limestones which are believed to be
the lowest beds exposed in the Huerfano Canyon within this
area. This species is reported by Stanton to be characteristic
of the Morrison formation elsewhere. The formation also
closely resembles in lithologic character the Morrison of other
areas, being composed largely of red and purple argillite or
clay, with thin layers of limestone and segregations of charac-
teristic red jasper or agate. Occurring immediately beneath
sandstones formerly regarded as part of the Dakota, the for-
mation occupies the position of the Morrison mapped in the
adjoining Pueblo and Walsenburg quadrangles, and although
its base is not exposed, it may safely be called Morrison.

At its type locality, Morrison, Colo., near Denver, and
elsewhere along the Rocky Mountain front, especially at
Garden Park, near Canon City, west of the Apishapa quad-
rangle, the Morrison contains abundant dinosaur remains,
from which it early received the name Atlantosaurus beds.
Vertebrate remains, including Morosaurus and Diplodocus
vertebree identified by Barnum Brown and Bronfosaurus bones
identified by C. W. Gilmore, have also been obtained south and
east of the Apishapa quadrangle in beds corresponding in posi-
tion and character to those here deseribed and similarly exposed
in deep canyons in the plains. Abundant bones were collected
by Stanton and Lee in the adjacent Timpas quadrangle and
similar remains would probably also be found in the Apishapa
quadrangle if the exposures there were more extensive.

The fossils so far obtained from the Morrison formation com-
prise bones of terrestrial animals, (including mammals, dino-
saurs, crocodiles, turtles, lizards, and birds) and of fresh-water
fishes, and shells of lJand mollusks. The exact age of these
fossils has not yet been determined. Some paleontologists
assign the beds to the Cretaceous; others consider them to
belong in the Jurassic. The fresh-water invertebrates are of
modern types, not distinctive of either age, and the dinosaurs
and other vertebrates, although they were formerly regarded by
Marsh and others as Jurassic, are considered by such author-
ities as Lull® and Williston to be of Cretaceous age, and the
beds containing them to be equivalent to the Wealden of
Europe. The weight of evidence at hand at the present time is
in favor of the latter view.

CRETACEOUS SYSTEM.

In the Apishapa quadrangle the Cretaceous system includes
the Purgatoire formation, representing the Comanche or Lower
Cretaceous series, and the Dakota sandstone, Graneros shale,
Greenhorn limestone, Carlile shale, Timpas limestone, and
Apishapa shale, representing the Upper Cretaceous series.
The Graneros, Greenhorn, and Carlile formations constitute
the Benton group, and the Timpas and Apishapa formations
the Niobrara group. The thickness of the whole is about
1300 feet, of which 330 feet is sandstone, 50 feet limestone,
and the remainder shale. ‘

It may be stated with confidence that the next higher Cre-
taceous formation, the Pierre shale, was originally deposited
over this area and has been eroded away, and it is not improb-
able that the Laramie formation, the highest member of the
system in this region, was also once present.

LOWER CRETACEOUS SERIES.
PURGATOIRE FORMATION.

Name and “dqﬁnition.—The Purgatoire formation, which is

- composed largely of sandstone, was formerly regarded as part

of the Dakota sandstone and is so mapped in the Pueblo and

2 Personal communication.
b Lull; R. 8., Dinosaurian distribution: Am. Jour. Sei., 4th ser., vol. 29,
1910, pp. 1-39.
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Walsenburg - folios. © The. discovery of fossil leaves of Lower

Cretaceous age in the middle and lower portions of what had

been previously regarded.as the Dakota sandstone in South
Dakota led to the suspicion that other areas of so-called Dakota
sandstone included rocks of Comanche age. In 1905 Stanton®
and Lee discovered a4 marine Comanche fauna in the shales
hetween the two sandstone beds previously called Dakota in
the canyons of Purgatoire, -Cimarron, and Canadian rivers
southedst of the Apishapa quadrangle, and similar Comanche
strata were recently found by Stanton and the present writer
between the Morrison and the upper portion of what bad. been

- regarded as the Dakota sandstone in thie Apishapa area..  Upon

this discovery rests the separation-of the Purgatoire from the

‘Dakota. The formation- takes its name from Purgdtone Can-

yon, in the Mesa de Maya quadrangle.

Character and thickness.——The upper third of the formation
is composed largely of shale and minor thin, platy sandstone
beds, but the lower two-thirds is almost wholly sandstone. - A
section of the formation in the west wall of Huerfano Canyon
Just beyond the western border of the quadrangle, measured
by T. W. Stanton and the wrlter, is as follows: '

) Section of Purgatoire formation in Huerfané Canyon.

’ Feet.

- Thick massive sandstone, with brown surface (Dakota).

Black shale, at top fissile with thin flaggy sandstone marked -
by trails; lower portion sandy and lumpy, forming a
sand-mud agglomerate____. ______________________________ 10

Dark shale and thin sandstone, largely covered; black shale -
- at the base contammg Lingula, fish ‘bones, and fine wavy
" sandstone 1enses - 50

Largely cross- -bedded light-buff sandstone, with rusty upper -
surface apparently marked by worm tubes. Near base,
thin quartz-pebble conglomerate containing teeth, verte-
bree, and other bones.of fish, w1th some maroon shale just
below . _ o 40

Light-buff cross- bedded open-textured sandstone containing
layers with scattered small quartz pebbles. Weathers
pitted and cavernous ~_._.________ . _____________________ 120

Soft green shale (Morrison). - . —

A bed similar to the peculiar “sand-mud agglomerate in
the upper 10 feet of the section was observed in most sections
in the quadrangle and helped to distinguish the shale of the
Purgatoire from somewhat similar shales in the Dakota. It is
a lumpy, knotty mixture of black argillaceous material and
white sand grains, resembling a deposit of partly reworked
unconsolidated materials. The sandstone is also to be distin-
gnished from that of the overlying Dakota by its lighter color
in the cliff (see Pl VIII), its open texture and cavernous
appearance on weathering, and its contained scattered quartz
pebbles. Its open texture makes this sandstone an excellent
water-bearing stratum or reservoir, and most of the artesian
‘water obtained in this region comes from it, although generally
reported as coming from the Dakota.

A more detailed section of the upper part of the Purgatoire
formation, measured in the east wall of Huerfano Canyon at
the western edge. of the quadrangle, is as follows:

Section of Purgatoire formaﬁon in east wall of Huerfano Canyon. .
Massive sandstone (Dakota) : : Feet.
Sandstone in 2 to 6 inch beds, with thin layers of shale, in

part black. The shale has a white alum efflorescence
on its outerop. The sandstones are pitted by casts of
plant fragments, and 5 feet from the top is a thin slabby .
" sandstone bearing numerous trails and other peculiar
markings. Hard 3-foot bed of sandstone at base _______ 30
Thin black shale with 2;inch layers of interbedded sand-
stone. White slabby sandstone at base, with numerous
‘pits and casts of twigsand bones __.______ ______________ 20
Soft white sandy shale, some mottled purple, and thin
white slabby sandstone with small quartz pebbles, fish
bones, casts of twigs, and other markings ._____________ 10
Covered, probably largely soft sandstone_________________ 40
Black hackly shale with ILéngule in upper part, black
and white sandy shale or sandy agglomerate, with
conglomerate of 2-inch quartz pebbles in black shaly
matrix which contains teeth, vertebrs, and other

bonesof fish ______________ . 10
‘White erumbly sandstone with hard upper surface_______ 100
210+

The alum efflorescence is probably alunite, hydrous alum-

inum sulphate, resulting from the action of sulphuric acid,
formed by the decomposition of pyrite, on the aluminous shale.

In the Jones Lake Fork and Apishapa canyons the firmer
buff sandstone of the formation is divided by a shaly band
into two massive cliff makers, each about 40 feet thick, dis-
tinctly lighter colored than the cliffs of Dakota sandstone and
showing the characteristic cavernous and porous weathering.

At the base of the formation was seen at one point a conglom-
erate of quartz pebbles in red sand or clay matrix and a red
sand-mud agglomerate, probably derived from the erosion of

red strata of the underlying Morrison formation.

The section in Christian Canyon given 'in figure 7 shows
not only the details of the upper 30 feet of the formation but
also its variability within a few feet horizontally. The section
also shows the presence of a 4-inch bed of blocky coal, which
is the only coal bed observed in the quadrangle, a,lthough
highly carbonaceous shale is not uncommon.

eStanton, T. W., The Morrison formation and.its relations with the

‘ Comanche series and the Dakota formation: Jour. Geology, vol. 18, 1905,

Pp. 657 669,
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‘A carefully meagured section in the right wall of Apishapa

Cdnyon Jjust below the mouth of Jones Lake Fork is as .

follows

Sectzon of Purgatoire formation in Apzshapa, Canyon

Very massive sandstone (Dakota). Feet.
. Black shale, sand-mmud agglomerate, in pla,ces reddish,
and blue compact argillite interbedded with slabby
quartzitic sandstone marked by numerous trails_____ e B
Largely covered. Inciudes white sandstone freckled
“with rusty spots and marked by rust-stained joints,
‘some dark quartzitic slabby sandstone bearing trails
and markings, and soft buff sand-mud agglomerate ... 44
Light-buff homogeneous open-textured sandstone. Con-
tains scattered small spherical concretions and specks
of iron pyrite which weather to rust-colored freckles,
rust-stained joints, and iron bands. Somewhat cross-
bedded in upper part and shaly at the top. Cavern-

ous at base, making a reentrant in the eliff_____________ 45
Massive light-buff homogeneous sandstone_______________ 33
Covered with talus below sandstone cliff. Portion esti- -

mated as belonging in Purgatoire formation____________ 754

’ ' 2022

< .
Massive sandstone (Dakota).

10’-15/ Largely 0overed exposures chiefly dark
shale, with a little sandstone.

» } & Black shale with interbedded thin sandstone beds.

4” Blocky coal and 2 inches of underc]ay
&7 Concretionary clay contammg rootlets.

14 Black to gray shale with thin lenses and irregular
beds of sandstone, changing laterally into a
thick bed of rust-speckled sandstone.

Ed

FIGURE 7.—Section of the upper part of the Purgatoire formation in
' Christian Canyon.
- Scale: 1inch =10 feet.

Dzstmbutwn .—The Purgatoire forma‘aon is exposed in the
walls of all the deeper canyons in the central upland, and in
Christian, Devils, and Timpas canyons, in the southeastern
part of the quadrangle. Tts largest areas are in the four deep-
est canyons, Huerfano, South, Ap1shapa and Jones Lake
Fork.

In the walls of Huerfano Canyon the massive white beds
of the Purgatoire are conspicuous, generally making the lower
cliffs, which extend up about two-thirds of the height of
the walls.and at the top of which is the bench of ‘slop-
ing talus that covers the upper, softer shaly part of the for-
mation. Soft black shale at this horizon is in places exposed

in undercuts or caverns beneath the massive sandstone ledges

of the Dakota. The formation here dips northeastward and
passes below the surface at the northern boundary of the

-quadrangle.
The Purgatoire formation was not seen in Karrick and

Horse Pasture canyons, which have been cut almost if not
quite through the Dakota sandstone. Although it was not
observed in\ Doyle Arroyo and is kept largely below the sur-
face by a sharp synclinal fold that follows the arroyo, it prob-

“ably outcrops in the deepest part of that gorge and is so shown
on the O"eologle map. Black Ridge, forming the east wall of -

Doyle Arroyo, is a broken monoclinal fold with minor trans-
verse folds at the line of fracture, and here the Dakota, though
deeply dissected, is apparently nowhere entirely cut through.
In the deeper part of Beardsley Arroyo, on the headwaters of
the same stream, the black shale of the Purgatmre formation
crops out. ’

In the deeper parts of the Madden, Lone J: ack Crossbars,
and unnamed canyons northeast of North Rattlesnake Butte
the Dakota sandstone, which forms the general sloping surface
of this upland,is cut through to the black shale and massive
light-buff sandstone of the Pnrgatoire These narrow inliers
are limited to parts of the canyons in which the monoclinal

strata have a convex surface, due to an increase in dlp, and

which are far enough down the slope to be corraded in deep
gorges by the streams. The formation of inliers is illustrated
by the profiles of the rock surface and of the stream channel
of Crossbars (anyon, shown in ﬁgure 8.

The Purgatmre formation occupies the bottom and forms
the lower walls of South Canyon for about 10 miles, disappear-
ing below the surface near its junction with Apishapa River.
In Bass Canyon its hght sandstones” are exposed at several

Places, and in Almagre Canyon only the black shales of the

upper part of the formation appear, in two small lens-shaped
areas. A small exposure of the black shale is seen at the
mouth of Dripping Spring Arroyo. In parts of Tejano
Arroyo the sandstones make prominent ledges near the stream

bed, but in most places the outecrop of the Purgatoire 1s con-
cealed by the talus from the cliffs above.- * .
" On: Apishapa River and Jones Lake Fork- the full thickness

-of the Purgatoire is exposed in the canyon walls, and where,

the Dakota has receded from the brink or is weakened by

-shaly character- the light-buff sandstone of the Purgatoire is
‘the principal cliff maker. In places the cliffs are so precipitous
-that they can not be scaled. A small area of the formation is
cut off in the Apishapa Canyon by the Cross Canyon fault.

Downstream it is again terminated by the Almagre Canyon
fault but 1'eappears in two lens-shaped areas in the deep gorge
below.

o 2 3 4Mi|es
— L 1 1

F1aURE 8.—Profiles of bottom of Crossbars-Canyon and of surfa.ce of Dakota
sandstone upland.

Shows how inliers of the Purgatoire formation are formed in valley bottoms by streams cutting
through the bowed-up portion of the overlying Dakota sandstone where its dip steepens.

Three small isolated inliers of the Purgatoire occur in the
southeastern part-of the quadrangle in Christian, Devils, and
Timpas canyons. Timpas Canyon contains only the upper-
most black shale of the formation, which has been prospected

- for fire clay.

Fossils and age.—The few fossils obtained from the Purga-
toire formation in the quadrangle conclusively determine its -
age to be Comanche (Lower Cretaceous)

In the black carbonaceous shale in the upper half :of the

formation, within 5 feet of the base of the Dakota sandstone,
undetermined species of Lingule may generally be found.

In the Huerfano Canyon numerous fish teeth, vertebree, and

other fish bones were collected from a conglomerate 100 to.110
feet below the Dakota sandstone. Although the species of fish
have not been determined, Stanton reports that they are clearly
of the same types that are found in the upper beds of the
Comanche series in southern Kansas.

In Apishapa and South canyons and Tejano. Arrovo the
invertebrate fossils named below: were collected from slabby
sandstones about 90 feet below the base of the Dakota and
just above the massive beds of buff sandstone:

Avicula sp. . Trigonia ? sp. -

Pecten ? sp. . Protocardia ? sp.

Pholadomya eof. sancti-sabs Tapes? sp.
Roemer. .

These were identified by Stanton, who reported that they
are all species which occur in rocks of recognized Washita
age in Kansas, Oklahoma, northern Texas, and southern
Colorado.

Stanton ® collected the followmg species from beds at this
horizon in the Purgatoire Canyon and its branches 15 miles

: east of the Apishapa quadrangle:

Pholadomya sancti-sabz Roemer.
_ Protocardia texana.
Leptosolen conradi.

Inoceramus comancheanus
Trigonia emoryi.

Cardium kansasense.
Cyprimeria sp.

Stanton further states that at this locality and in adjacent

~areas in southeastern Colorado and New Mexico these forms

are associated ‘with Gryphwa corrugata, and that the horizon
is no doubt the equivalent of some part of the Washita group
and should be correlated directly with the Kiowa shale of
Kansas.

UPPER CRETACEOUS SERIES.

DAKOTA SANDSTONE. .

¢ Name.—The name Dakota sandstone has long been in use ’
and was taken from Dakota City, Nebr., where the forma-

tion ‘bears the typical flora of this horizon. Until relatively
recently the sandy beds here called the Purgatoire formation

and in the northern Great Plains called Lakota sandstone were

included in the Dakota in the belief that they were of the
same age, but on the discovery of Lower Cretaceous fossils in

" the lower beds, which are also readily separable lithologically
_from the upper beds carrying an Upper Cretaceous flora,

the name Dakota was restricted to these upper strata. This

“plactice is in accord with the usage at the type loeality

in Nebraska, where the lower (Purvatmre) sandstone is not
present. :

Character and thickness.—The Dakota the 1owest formation |

of the Upper Cretaceous, is composed almost wholly of sand-
stone. The individual beds are generally thick except near
the ‘top and-show cross lamination. The rock is of uniform
and moderately fine grain and is more compact and dense than
the open-textured sandstone of the underlying Purgatoire.
The original color, seen on fresh surfaces, is white or pale gray,
but weathering produces various shades of yellow and brown.
This discoloration affects only the surface and joint~ planes
and is spoken of as “desert varnish.” Tt was used by the

“Sta,nton T. W., Jour. Geolog'y, vol. 18, 1905, p 662.
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Indians as a means of communication and record, for in
many of the canyons, (mpemally near the water holes, are
preserved their pictographs chipped into the ‘varnished”
cliffs. (See PL II.)

The contact with the Purgatoire formation beneath is one of
apparent conformity but is generally marked by an abrupt
change from carbonaceous shale to clean sandstone, indicating
a decided change in physiographic conditions. At the top
the formation is conformable with the overlying Graneros
shale, having a transition zone of alternating sandy and shaly
layers.

In many places the uppermost thin-bedded sandstone
weathers to turrets, domes, and fantastic forms. This is most
interestingly displayed on the slopes of the southern part of
Black Ridge, just north of the Reynolds ranch, on Streeter
Arroyo (see Pl. X), but may be seen in many other outcrops
where erosion has not scoured too deeply. At the point
north of the Juan Baca ranch dome-shaped knolls of this
bed resemble Spanish ovens. (See Pl IX.) -

The formation as exposed in the canyon walls is generally

“divided into two massive layers by shaly beds that form a

small reentrant between the two cliff makers or a minor slop-
ing shelf less prominent than the bench at the shale horizon
of the upper part of the Purgatoire. These sandstone layers
vary in fineness and in resistance to weathering (see P1. VII),
and in some places the upper and in others the lower bed
makes the more prominent cliff in the walls, the change to soft

shaly or friable rock being rather abrupt. The beds also vary -

in thickness, swelling and thinning in plain view along the can-
yon walls. The shaly beds separating the massive sandstones
consist in places of a compact white blocky clay or argillite,
but elsewhere they are largely blue or black carbonaceous
shale.

A section of the formation in the east wall of Huerfano
Canyon at the west edge of the quadrangle is as follows:

" Section of Dakota sandstone in east wall of Huerfano Canyon.

Feet.

Thin-bedded sandstone, worn back from edge of canyon___. 10
Massive fine-grained light-gray sandstone, weathering pink

to yellow; upper eliff maker______.________________________ 20
Black shale, weathering blue (slight reentrant)______________ 3
Hard vitreous coarse-grained gray sandstone, weathering

PUSEY 25
Light-gray sandstone, weathering to thick rusty-brown coat-

I 25

Shale and shaly sandstone (Purgatoire). ™

- Probably several feet more of sandstone and interbedded
shale at the top of the formation have been entirely removed
from the Dakota surface at the canyon brink. A comparison
of the above section with the published descriptions of the
composition and thickness of the Dakota sandstone in the
Walsenburg and Pueblo quadrangles will show at a glance that
the Dakota here described is only the upper third of what was
formerly called Dakota, the lower two-thirds being here sepa-
rated as the Purgatoire formation.

At another point farther south in the canyon the massive
sandstone is in one ledge, as shown by the following section :

Section of Dakota sandstone in Huerfono Canyon.

Feet.
Thin-bedded sandstone, shelving back from eliff____________ 15

Massive gray to rusty sandstone, with few bedding planes;
lower portion especially massive; upper surface very
rough, irregular, and rust stained. Broken by great rust-
stained joint planes into sheer cliffs and immense detached
blocks . 60

75

East of Huerfano Canyon layers of black shale are inter-
calated at several horizons in the upper portion of the sand-
stone, and in Streeter Arroyo thin beds of hard sandstone
are interstratified with the black and blue shales at the base
of the Graneros shale, showing a gradual transition. In
Beardsley Arroyo a clean exposure of the upper 30 feet
of the Dakota permitted the measurement of the following
detailed section :

Section of upper part of Dakota sandstone in Beardsley Arroyo.

: Feet.
Massive cliff-making light-buff sandstone, weathering

with brown stain. Very irregularly cross-bedded and
weathers into fantastic shapes and finally into thin
irregular plates. Some of the bedding surfaces on
which the lamin® have exfoliated have a fan-shaped
appearance resembling Couda galli. Plant impres-
sions are numerous and a large tree trunk 18 inches
wide, 9 inches thick, and 6% feet long was observed.___ 10
Bluish-gray argillite or mud rock, irregularly bedded,
containing scattered round quartz grains more numer-
ous at base. Varies in thickness from 5 to 8 feet
within a few feet, and thin layers of the same material

are intercalated in the overlying sandstone____________ 5-8
Homogeneous massive-bedded softer white sandstone_._ 4
Black shale with carbonized plant remains and thin

layer of hard blue, finely sun-eracked argillite_._.______ 1

Hard light-buff sandstone with irregular upper surface_ 5

The two divisions of the Dakota sandstone are clearly shown
in most outerops in the Apishapa Canyon and its larger
branches, where it generally makes the two upper cliffs. (See
Pl VIII and fig. 9.) The following sections were measured on
the right wall of the canyon just below Jones Lake Fork.

Apishapa

5

Sections of Dakota sandstone in Apishapa Canyon just below

Jones Lake Fork.
1.

’ . Feet
Sandstone fragments back from eliff ___________.____________ 10
Massive sandstone, weathering to ] } (

fantastie shapesat top_._________ i . io16
Thin dark shale parting .__________ r Upper cliff maker ... 4!
Massive sandstone ._____.__________ J L 10
Thin dark shale partings.
Massive rusty-surfaced sandstone ____Second cliff maker .__. 30
Soft sandy and black shales (Purgatoire). —
66
2.
Thin bedded sandstone back from cliff, weathered to frag-
ments_ . 20
Thin-bedded sandstone______ R ) [ 15
Thin dark shale parting ._.________ } Upper cliff maker _ '{
Thin-bedded sandstone_______._____ ) L s
Thin dark shale parting. ’
Very massive homogeneous sand- i_ .
stone, irregularly bedded.______. Second cliff maker-___. 20
Black shale and sandy beds (Purgatoire). _—
63

f Dakota sandstone.

Purgatoire formation.

FieUurE 9.—Typical profile of wall of Jones Lake Fork
canyon.

Showing upper cliff of Dakota sandstone, generally divided into two
ledges; shale slope below with reentrant at its top; second cliff
maker of lighter-colored sandstone of the Purgatoire formation,
with a reentrant generally in its midst; and a long talus slope
below, with scattered sandstone ledges. Vertical scale: 1inch = 100
feet.

The following record of a well at Delhi can not be positively
interpreted, but the most appropriate assignment of strata to
their respective formations gives the Dakota a thickness of 86
feet.

Record of well at Delhi.
Thickness. Depth.
Feet. Feet.

Clay (Graneros) ... __________:_ _______________________ 75 75
Dakota, 86 feet:

Dark-graysand.______.______________________________ 35 110

Light-gray sand ________________________ . _______ 10 120

Dark-graysand.________. . . ____________-_.________ 21 141

Light-gray sand_________________________ e 20 | 161
Shaly beds of Purgatoire, 57 feet:

Dark-graysand_____ .. ______________ . 151, . 176

Blackshale _.__________________________________.___ 9 185

Dark-graysand___ . __________________._____________ 20 205

Shale . e 13 118
Sandstones of Purgatoire: .

‘White sand____________________________ . ____ 87 305

‘Water-bearing sands_______________________________ 17 322

In Timpas Canyon, 2 miles below Thatcher, Gilbert.

measured 70 to 80 feet of Dakota sandstone as follows:

Section of Dakota sandstone near Thatcher.

Feet.
Cross-bedded sandstone, weathering to thin shaly beds.  80-40
Massive gray to rusty sandstone_________________________ 40

Distribution and surface form.—The Dakota sandstone con-
stitutes the surface of about one-third of the quadrangle and
underlies all the remainder, with the exception of the small
tracts occupied by the Purgatoire and Morrison formations.
Its great breadth of outcrop is determined largely by the fact

\that it is much more resistant to erosion than the shales over-
- lying it. Its principal areas of outcrop are uplands, partly

dissected by many narrow, steep-walled canyons. The surfaces
of the uplands exhibit chiefly the upper thin-bedded layers of
sandstone, which eventually weather into a sandy’ soil; the
lower beds are exposed almost exclusively in the walls of the
canyons.

The largest area occupies the middle of the quadrangle It

extends northwestward and, except for a thin covering of
Graneros shale over a part of the area, occypies the surface
of the northwest corner, whence it passes into the Walsenburg
quadrangle. ' Other areas are near Delhi, at Thatcher, in the
upper valley of Apishapa River, at Rocky Hill, and in Little
Dome. Four very small exposures occur in the bottoms of
arroyos on the south side of the Rocky Hill fault in Smith
Hollow.

Fossils and age—The Dakota sandstone contains numerous
casts of unidentifiable fragments of wood, and near Beardsley

Spring an unidentified tree trunk 6 feet long was observed.
Near Smith Ranch good specimens of leaves were collected,
identified by F. H. Knowlton as Sterculia lugubris. Frag-
ments of an indeterminable dicotyledon and of a conifer that,
according to Knowlton, suggests Sequota reichenbachs were also
obtained in the quadrangle. In Kansas and Nebraska the
Dakota -sandstone has yielded a flora, mostly dicotyledons,
comprising several hundred species that are generally con-
sidered to belong in the Cenomaman the Iower part of the
Upper Cretaceous.

- BENTON GROUP.

The Benton group is composed of two shale formations
separated by a thin limestone named Greenhorn. The lower
shale is named Graneros and the upper Carlile.

GRANEROS SHALE.

Name, character, and thickness—Next above the Dakota is
a body of clay shale 200 to 210 feet thick. Its color is bluish
gray, ranging from medium to dark, the middle part being
darker than the upper and lower. The name Graneros shale
for this formation has been in use over 15 years, since Gilbert
recognized the threefold division of the Benton and named the
lower formation from Graneros Creek, which traverses the
formation 25 miles southwest of Pueblo.

On fresh exposures, seldom seen in this area, it is a compact
argillite with little tendency to split into shale, and its lami-
nation appears chiefly as delicate markings. Exposure to the
weather causes it to divide into thin, shaly flakes and even-
tually reduces it to a clay.

In the lower half are a few layers of white clay, which are
in places associated with thin layers of concretionary lime-
stone. A bed of impure, sparingly fossiliferous limestone, 12
to 14 inches thick, lies from 65 to 75 feet above the base,
another thinner layer occurs directly beneath, and a 6-inch bed

“of hard sandstone occurs a few feet above. The limestone

weathers to cobble-size fragments, which are stained ocher
yellow by the contained iron, as are also the fragments of the
associated thin sandstone. These harder rocks together form
a persistent bench.

There is a very thin but persistent fossdlferous ‘platy sandy
limestone about 45 feet below the top of the Graneros, which
in places also makes a bench but generally is merged into the
larger bench of the Greenhorn limestone. Concretions, most
of them small, occur sporadically at several horizons. Selenite
crystals, some large and roughly twinned, are formed in the
basal shales apparently by the action of decomposing pyrite on
calcareous layers, and the crystals are strewn over the surface
of these beds where they thinly mantle the Dakota upland.

The general section of the Graneros shale in this quadrangle
is as follows:

General section of Graneros shale.

Blue blocky limestone (Greenhorn). : Feet.

Gray argillaceous shale____________________________________ 43

- Thin hard fossiliferous sandy limestone, weathering shaly_ 1
Dark-gray toblack argillaceous shale with thin hard sand-

stone bed near base_.____________________________________ 922

Tough gray impure liniestone, weathering to rusty blocks._ 1

Gray argillaceous shale, with some thin nearly white beds 78
Thin sandstones with shale interbedded (Dakota).

R10

The transition zone at the base varies greatly from place to
place but usually consists of several beds of shale of iljregular
thickness interstratified with the topmost sandstones of the

Dakota. The top of the formation is sharply defined by the

beds of pure bluish limestone of the Greenhorn.

Distribution and surface form.—The Graneros shale, being
easily eroded, is found chiefly in valleys or on gentle slopes.
Where the strata lie nearly level it constitutes slopes below
bluffs of the Greenhorn limestone. "Where the dip is consider-
able the formation rests against slopes of the Dakota sandstone.
On account of its soft character it washes badly and its surface
in many places is deeply trenched by vertical-walled arroyos
cut into the otherwise gentle slope of its surface. In the
main its outerops constitute rather broad belts, enc1rchng
areas of Dakota sandstone.

The main outcrop surrounds the rudely elliptical central
area of the Dakota. In the regions of gentle dips around
the Rattlesnake Buttes and west of Hog Ranch Canyon it
forms rather broad elevated tracts culminating in hills of
Greenhorn limestone and higher rocks. In the .southern
third of the quadrangle its areas are intricately entwined
with the narrow bands of Greenhorn l<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>